The aerial parts of Mentha longifolia L. are used as herbal remedies for curing different diseases through traditional Bedouin medicine. The antioxidant activity of the ethanolic extracts of M. longifolia was investigated measuring peroxyl radical-scavenging activity by ORAC assay, with Trolox (a water-soluble analogue of α-tocopherol) employed as reference compound. In addition, the total content of phenolic compounds estimated by the Folin-Ciocalteau method and the identification of the polyphenols using high-performance liquid chromatography coupled with mass spectrometry (HPLC-MS) have been performed. Furthermore, the effect of these extracts on cell viability and intracellular ROS production was assayed using the U373-MG human astrocytoma cell line in a H 2 O 2 -induced oxidative stress model. Results showed that the major type of polyphenols found were benzoic acids, cinnamic acids, flavones and flavanones. The total phenolic content was 37.7 mg gallic acid/g sample and the ORAC value was 1.355 µmol TE/mg sample. The data obtained in cellular assays demonstrated that these ethanolic extracts protected H 2 O 2 -induced astrocyte damage by increasing cell viability and inhibiting production of intracellular ROS. These results suggest that the investigated extracts obtained from the aerial parts of M. longifolia have antioxidant potential related to their phenol content which have important beneficial health effects, especially in those disease associated with ROS.
High concentrations of reactive oxygen species (ROS) cause oxidative reactions, leading to the damage of tissues by DNA strand breakage, lipid peroxidation and protein thiol oxidation. ROS toxicity involves injury to neurons and astrocytes, resulting in a loss of the cell redox state and triggering cell death. ROS are key factors contributing to the pathological development of neurodegenerative diseases such as Alzheimer´s and Parkinson´s diseases [1, 2] . The uses of antioxidants from plants constitute one of the most promising potential therapeutic interventions for ROS-related conditions. Phenolic compounds, through different direct and indirect mechanisms, confer cellular protection against ROS [3] .
Mentha longifolia L., family Lamiaceae, known as wild mint, is a perennial herb found commonly in the Sinai desert [4] . Infusions of the aerial parts of M. longifolia are employed as a folk remedy by Bedouin people for the treatment of respiratory tract diseases, digestive problems and different brain disorders [5] . These health benefits are attributed to the antioxidant and antimicrobial properties of the infusions [6] . Previous studies have investigated the pharmacological action of extracts and essential oils obtained from this Mentha species based on traditional medical knowledge [7] [8] [9] , but little has been reported on the potential antioxidant ability of ethanolic extracts on nervous system cells.
Therefore, the aims of the present study were: (1) To analyze, identify and quantify the total phenolic compounds in the 70% ethanol extract obtained from the aerial parts of M. longifolia; and (2) to evaluate the antioxidant activity of these ethanolic extracts by chemical and cellular (astrocytes) assays.
It has been reported previously that there is a strong relationship between the total phenolic content and antioxidant activity [10] . Therefore, the amount of phenolic compounds in the ethanolic extract of the aerial parts of M. longifolia was determined using the colorimetric method of Folin-Ciocalteu. The total phenolic content was 37.7 mg gallic acid equivalents/g extract.
One of the possible mechanisms of action of antioxidants involves hydrogen donation to free radicals (H atom-transfer mechanism) [11] . Polyphenols are able to inhibit the free radical damage by donating their hydrogen atoms [12] . Among the different chemical methods for evaluating hydrogen atom transfer (HAT) antiradical mechanisms, the oxygen radical absorbance capacity (ORAC) assay is a very common and quite recently introduced method. This method measures the capacity to neutralize free peroxyl radicals generated by 2,2′-azobis (2-amidinopropane) dihydrochloride (AAPH) [11] . Peroxyl radicals (ROO•) are relevant and predominant reactive oxygen species resulting from the peroxidation of lipids [13] . Therefore, in this study, the antioxidant activity of the ethanolic extract of the aerial parts of M. longifolia was evaluated by measuring its peroxyl radical scavenging capacity using the ORAC method; the value in µmol TE / mg sample was 1.355. The scavenging effect of the extract may be attributed at least in part to its high content of phenolic compounds. This finding supports previous research into the in vitro antioxidant capacity of different extracts (ethanol, n-hexane, dichloromethane and methanol) of M. longifolia by using DPPH, FRAP, bleaching β-carotene and inhibition of linoic acid peroxidation assays [14] [15] .
Analysis of the polyphenol-containing ethanolic extracts of M. longifolia was performed by employing HPLC-MS. The relative retention times and mass spectra of the identified polyphenols were compared with those obtained from reference compounds. Figure 1 shows the HPLC-MS chromatogram of the extract, with an assignment for the different peaks. The data obtained revealed that the major type of polyphenols found were benzoic acids (i.e. protocatechuic acid, protocatechuic aldehyde and p-hydroxy benzoic acid), cinnamic acids (i.e. ferulic acid derivative, caffeic acid, cinnamic acid derivatives and rosmarinic acid), flavones (mainly luteolin and apigenin derivatives), and flavanones (i.e. hesperitin rutinoside and naringenin methylether).
Based on the antioxidant activity of the investigated ethanolic extract, we evaluated its potential protective effect against hydrogen peroxide (oxidative stress inductor) using the U373-MG human astrocytoma cell line as the cellular model. Cell viability and intracellular ROS production were investigated.
Many reports have highlighted that astrocytes, the main glial cell types, provide a neuronal protective role by removing highly toxic compounds which are able to induce oxidative stress such as glutamate and hydrogen peroxide. Then, the antioxidant protection of astrocytes against the harmful effects of high amounts of free radicals implies the protection of neurons from oxidative stress [16] .
The mechanism of hydrogen peroxide toxicity involves the ability to produce harmful reactive radicals such as the hydroxyl radical through Fenton and Haber-Weiss reactions. These harmful free radicals generate more and more free radicals, spreading the damage in cellular structures including to lipids, proteins and DNA. The accumulation of oxidative damage to macromolecules by reactive oxygen species affects cell viability, leading to cell death [17] .
Using the quantitative colorimetric method named as MTT, the cell viability was determined. First, the possible cytotoxic effects of a wide range of concentrations of the ethanolic extract (from 250 to 0.025 µg/mL) were assayed. As shown in Figure 2 , none of the concentrations tested affected U373-MG cell viability.
The potential protective effects of different concentrations (from 250 to 0.025 µg/mL) of the ethanolic extract of M. longifolia against hydrogen peroxide-induced astrotoxicity in U373-MG cells was then investigated by the colorimetric in vitro MTT cytotoxicity assay. As shown in Figure 3 , treatment with hydrogen peroxide (1 mM, 30 min) caused a significant decrease in U373-MG cell viability by 28.5% compared with control cells. Pretreatments with the ethanolic extract of M. longifolia (at concentrations of 2.5, 0.25 and 0.025 µg/mL) prior to hydrogen peroxide exposure significantly increased the cell viability by 15%, 18% and 20%, respectively, compared with H 2 O 2 -treated cells.
Finally, the effect of the ethanolic extract of M. longifolia on H 2 O 2 -induced intracellular ROS production was evaluated by applying the dichlorofluorescein assay. The concentrations of extract used were 0.25 and 0.025 µg/mL (the two concentrations that exerted the most protective effect in the MTT assay). The results (Figure 4 ) indicated that both concentrations tested significantly inhibited ROS production induced by hydrogen peroxide in the U373-MG cell line.
In conclusion, the results of the present study have demonstrated that the ethanolic extract of the aerial parts of M. longifolia contain high amounts of phenolic compounds, mainly benzoic acids, cinnamic acids, flavones and flavanones, which are effective scavengers of free radicals through hydrogen atom transfer (HAT) antiradical mechanisms. The antioxidant properties of this ethanolic extract prevent ROS attack on biological systems in the human astrocytoma U373-MG cell line, thus having a therapeutic value against oxidative stress conditions.
Experimental

Chemicals and reagents:
The chemicals and reagents used were obtained from Sigma-Aldrich (St. Louis, MO). The products employed for cell culture were purchased from Gibco (Grand Island, NY). Aerial parts of M. longifolia (500 g) were employed for the preparation of ethanol: water (7:3) extracts using a Soxhlet extractor for 72 h. The extract was filtered using Whatman No 1 filter paper and concentrated on a rotary evaporator at 55ºC (yield 5%, w/w). The extract was kept at 4ºC until required for testing.
Plant collection and preparation of extracts:
Cell culture: The U373 MG human astrocytoma cell line was cultured in DMEM supplemented with 10% FBS and gentamicin (0.5%) at 37°C in a humidified atmosphere containing 5% CO 2 .
Determination of total phenolic content: Using the FolinCiocalteau method, the total phenolic content was determined [18] . Hydroethanolic plant extracts (0.5 mL) were mixed with 0.5 mL of Folin-Ciocalteau reagent. After 3 min, 10 mL of sodium carbonate (75 g/L) and 14 mL of distilled water were added to the reaction mixture. The absorbance was read after 1 h of incubation at a wavelength of 750 nm with a spectrophotometer (UVIKON 930, Kontron Instruments, UK). A calibration curve was elaborated using gallic acid as standard. Results are presented as gallic acid equivalents in mg/mL hydroethanolic extract. , and the flow rate was maintained at 1 mL/min (0-55 min) and at 1.2 mL/min (55-100 min). The UV-vis spectra were scanned from 210 to 400 nm [19] . The equipment for MS analysis was a Hewlett Packard 1100MS (Palo Alto, CA) with an electrospray ionization (ESI) interface in negative-ion mode. Mass spectra were recorded from m/z 100-2500 [19] .
HPLC-MS analysis of phenolic compounds:
Scavenging activity assay:
Oxygen radical absorbance capacity (ORAC) was performed to estimate scavenging activity [20] . Briefly, 120 µL of 70 nM fluorescein solution was preincubated with 20 µL of different concentrations of either plant extract or Trolox for 10 min at 37ºC. After this preincubation period, 12 mM 2,2'-azobis(2-amidino-propane) dihydrochloride (AAPH) was added. The fluorescence was monitored for 98 min at excitation and emission wavelengths of 485 nm and 520 nm, respectively, using a FLUOstar Optima (BMG Labtech) fluorimeter. The ORAC value was calculated by using the area under the curve (AUC) and was expressed as µM of Trolox equivalents (TE)/mg of sample.
Cell viability assay: Cell viability was determined using the Mosmann method [21] . U373-MG cells were treated with different concentrations of plant extract (from 250 to 0.025 µg/mL) for 24 h, before the addition of 1 mM H 2 O 2 for 30 min. After the incubation time, the medium was removed and 100 µL of 2 mg/mL MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) was
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added per well. Finally, 100 µL of DMSO was added to each well to dissolve the formed formazan crystals. The absorbance was read at 550 nm and the absorbance values were expressed as a percentage of control cells (100%).
Intracellular reactive oxygen species (ROS) formation assay:
The level of intracellular reactive oxygen species (ROS) was determined using 2,7-dichlorofluorescein diacetate (DCFH-DA) assay, as previously described [22] . U373-MG cells were treated with plant extracts at 0.25 and 0.025 µg/mL concentrations for 24 h, before the addition of 1 mM H 2 O 2 for 30 min. The medium was then removed and the cells were incubated with DCFH-DA (0.01 M) in PBSglucose for 30 min at 37ºC. After this incubation period, cells were washed twice with PBS-glucose and the fluorescence was determined at 485 nm (excitation) and 530 nm (emission).
Statistical analysis:
Results are presented as mean ± standard deviation (S.D.) (3 or more independent experiments). Data were analyzed using one-way analysis of variance (ANOVA) followed by Tukey´s test. A value of p <0.05 was considered significant.
